Decomposition of 2-chloroethylphosphonic acid (Ethephon) was studied in dried films at various water vapor pressures (0.6 to 86.9 millimeters Hg, 3.2 to 93.9% relative humidity) and temperatures (20, 30, 40, and (4) showed that the rate of breakdown at different temperatures is proportional to the acid fraction in the dianion form. They (4) also claimed that decomposition rate of Ethephon was independent of the hydroxyl ion concentration. The mechanism of breakdown was described as a base-catalyzed elimination reaction (5) and as a second order reaction (9). Later measurements showed that the decomposition is a first order, not a second order reaction (4). From measurements of decomposition rates at different temperatures, the activation energy of the reaction in aqueous solutions was calculated to be 29.8 + 1 kcal mot-' and claimed to be independent of pH (4).
environmental conditions can be readily attributed to rapid breakdown of Ethephon at elevated temperatures and low relative humidities.
2-Chloroethylphosphonic acid, which readily decomposes to yield ethylene, is widely used to regulate plant growth and development (1) . Decomposition of Ethephon' increases rapidly above pH 5 (8) and at elevated temperatures (4) . Inasmuch as decomposition proceeds only above pH 4.5, Maynard and Swan (8) concluded that breakdown occurs when both hydroxyls on the phosphonate group are ionized. A mechanism of nucleophilic attack of water or OH-on the phosphonate dianion was proposed by Yang (10) . A kinetic study of the thermal decomposition of Ethephon in aqueous solutions by Biddle et al. (4) showed that the rate of breakdown at different temperatures is proportional to the acid fraction in the dianion form. They (4) also claimed that decomposition rate of Ethephon was independent of the hydroxyl ion concentration. The mechanism of breakdown was described as a base-catalyzed elimination reaction (5) and as a second order reaction (9) . Later measurements showed that the decomposition is a first order, not a second order reaction (4) . From measurements of decomposition rates at different temperatures, the activation energy of the reaction in aqueous solutions was calculated to be 29.8 + 1 kcal mot-' and claimed to be independent of pH (4).
Experiments to induce olive fruit abscission, conducted over a period of several years, indicated that application of Ethephon at pH 7.0 was more effective than at lower pH (2, 3, 6 Unless otherwise specified, measurements of decomposition by ethylene release were conducted by introducing 0.0117 ,umol Ethephon in 17. 5 ,ul buffered solution into 3-ml vials which were dried overnight at 20 C. Each vial with the dried Ethephon was placed inside a 35-ml test tube containing 5 ml of sulfuric acid solution at a different density. Tubes were stoppered and incubated in a (Fig. 1) Rate constants measured at pH 6.3 and 7.0 at increasing vapor pressures and various temperatures are shown in Figure 2 . Rates were higher at pH 7.0 than at pH 6.3 and increased at higher temperatures in both pH values.
Increasing the vapor pressure, up to a certain level, at a constant temperature, increased breakdown of Ethephon. Above an optimum vapor pressure, breakdown decreased (Fig. 2) . The decrease in rate constant at higher vapor pressures, at a constant temperature, was more pronounced at pH 6.3 than at 7.0 and greater at lower temperatures at both pH values. The decline of rate constant at higher vapor pressures at 50 C and pH 6.3, and at 40 and 50 C at pH 7.0, was very small (Fig. 2) .
The optimum vapor pressure at 20, 30, and 40 C in both pH 6.3 and 7.0 was approximately 6, 12, and 24 mm Hg, respectively. The approximate optimum vapor pressure at 50 C was 50 mm Hg at pH 6.3 and 65 mm Hg at pH 7.0 (Fig. 2 ). It appears that the optimum vapor pressure doubles with every 10 C increase, except at 50 C at a pH of 7.0.
The half-life of decomposition of Ethephon, calculated from rate constants, was less than 24 h at a temperature above 30 C in both pH values, and as low as 1.7 + 0.1 h at 40 C, at pH 7.0 and a vapor pressure of 20.6 mm Hg (Table II) .
The activation energy for the decomposition reaction was measured from the slope of plotting the logio rate constant versus l/T (Fig. 3) . The activation energy, in vapor pressures of 3.2 to 12 mm Hg, was estimated as 8.7 and 14.3 kcal mol-1 at pH 6.3 and 7.0, respectively. Activation energies were not calculated above 12 mm Hg, at which point the reaction is inhibited.
A comparative breakdown measurement of Ethephon at pH 7.0 was carried out on surfaces of glass, Parafilm, and detached olive leaves at two vapor pressures and temperatures (6.5 and 16. (4) presented data which showed clearly that the rate is a first order reaction. The present investigation confirms the fact that the rate is a first rather than a second order reaction. Decomposition of Ethephon was measured in a buffer with sufficient ionic strength to maintain a constant pH. The pH of a dried film, however, may not be identical to the pH of its buffered solution. The increased breakdown rate of Ethephon in response to increased vapor pressure up to a certain optimum may result merely from an increase in the pH of the film itself. According to this interpretation, pH and decomposition rates should have increased up to a complete solution of the film, rather than be inhibited at high vapor pressures.
A mechanism of nucleophilic attack of water molecules on the phosphonate dianion of Ethephon molecules was postulated (4, 10) . The breakdown reaction in homogeneous aqueous solutions is pH-dependent and requires the presence of water molecules. Ethephon breakdown in dried films is, similarly, pH-dependent and requires water molecules. The mechanism of Ethephon break- Rate measurements and the half-life of decomposition calculated from the rate constants indicated that raising the temperature from 20 to 50 C increases the rate constant and decreases the halflife of decomposition. The effect of a 10 C change is considerably greater at the lower temperature range and diminishes with every 10 C rise. Temperature change in the 20 to 30 C range appears to be as important as pH change with respect to breakdown.
Ethephon sprayed at pH 7.0 to induce olive fruit abscission, a treatment found to be effective when applied at moderate temperatures and humidity (23-28 C and 50-70% RH), failed completely at elevated temperatures and lower RH (34-39 C and 30-40% RH) (7). The vapor pressure at 35 C and a RH of 30 to 40%o is 12.6 to 16.8 mm Hg-a range which is just slightly below the optimum vapor pressure for breakdown. Failure to induce olive fruit abscission at elevated temperature and low RH cannot be explained by lack of H20 molecules required for the nucleophilic attacks on Ethephon molecules, but is more likely the result of its extremely rapid breakdown. The half-life of Ethephon decomposition at pH 7.0 and at 30 and 40 C is 5.1 (±0.9) and 1.7 (±0.1) h, respectively.
At temperatures of 34 to 39 C, where Ethephon sprays are ineffective, the half-life is of the order of a few hours, thus reducing the effective concentration for uptake.
